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@ Optical space communication apparatus. 

@ An optical space communication apparatus in- 
cludes transmitting device for transmitting a first 
beam of light, receiving device for receiving a sec- 
ond beam of light, and varying device for varying the 
angles of the first and second beams of light. The 
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varying device has a variable angle prism. In the 
optical space communication apparatus, an angle of 
the beam of light is varied by the variable angle 
prism so that alignment of communication optical 
axis is corrected. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an optical space com- 
munication apparatus for propagating a beam of 
light through free space to thereby effect commu- 
nication. 

Related Background Art 

Referring to Figure 1 of the accompanying 
drawings which shows the construction of an op- 
tical space communication apparatus according to 
the prior art in which the misalignment of a com- 
munication optical axis is corrected, tenses 1, 2 
and a movable mirror 3 are arranged on an optical 
path from a partner apparatus, and a polarizing 
beam splitter 4, a partially reflecting mirror 5, a 
lens 6 and a light receiving element 7 are arranged 
in succession in the direction of reflection of the 
movable mirror 3. As shown in Figure 2 of the 
accompanying drawings which partly shows the 
construction, the movable mirror 3 is rotatably en- 
gaged with a gimbal mechanism 8, which in turn is 
rotatably engaged with a fixed member 9 such as a 
lens barrel body, whereby the gimbal mechanism 
is rotatable relative to two axes orthogonal to each 
other. 

Also, a light emitting element 11 is provided 
through a lens 10 in the direction of reflection of 
the polarizing beam splitter 4, and a position de- 
tecting element 13 such as a CCD or a division 
sensor is provided through a lens 12 in the direc- 
tion of reflection of the partially reflecting mirror 5. 
Further, the output of the position detecting ele- 
ment 13 is connected to a drive circuit 15 through 
a signal processing circuit 14, and the output of the 
drive circuit 15 is connected to an actuator 16 for 
driving the movable mirror 3 and to an actuator 17 
for driving the gimbal mechanism 8. 

In case of optical space communication, trans- 
mission is effected by a beam of light which is 
emitted from the light emitting element 11 being 
reflected by the movable mirror 3, and reception is 
effected by a beam of light from the partner ap- 
paratus being caused to enter the light receiving 
element 7 through the movable mirror 3. Also, 
when the apparatus has varied Its posture, the 
amount of variation in the posture is detected by 
the position detecting element 13 and the movable 
minror 3 is driven by the actuators 16 and 17 to 
thereby correct the direction of emergence of the 
transmitted beam, the direction of incidence of the 
received beam and the spot position of the re- 
ceived beam on the surface of the light receiving 
element 7. 
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In the above-described example of the prior 
art, however, the entire optical system is refracted 
by the movable mirror 3 and therefore, the barrel of 
the optical system becomes complicated in shape, 
5 and this results in problems such as a higher 
manufacturing cost, the bulkiness of the apparatus 
and the increased weight of the apparatus. 

Recently, there have been made various pro- 
posals regarding an image vibration correcting ap- 
70 paratus to be carried on a still camera, and It is 
disclosed in U.S. Patent No. 6,095,198, etc. to 
construct a correcting optical system by the use of 
a variable angle prism. 

IS SUMMARY OF THE INVENTION 

It is the object of the present invention to 
provide an optical space communication apparatus 
in which the barrel of an optical system is simpli- 
20 fied. 

To achieve the above object, the optical space 
communication apparatus according to the present 
invention is an optical space communication ap- 
paratus which detects a variation in its own posture 

25 and effects optical communication by the use of a 
beam of light while correcting the alignment of a 
communication optical axis with a partner commu- 
nication apparatus, characterized in that a variable 
angle prism is disposed in an optical path. 

30 The optical space communication apparatus of 

the above-described construction varies the angle 
of the beam of light by the variable angle prism 
disposed in the optical path to thereby correct the 
alignment of the communication optical axis. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 shows the construction of an optical 
space communication apparatus according to the 
40 prior art. 

Rgure 2 is a perspective view of a movable 
mirror. 

Rgure 3 shows the construction of a first em- 
bodiment of the optical space communication ap- 
45 paratus of the present invention. 

Rgure 4 illustrates a state in which the appara- 
tus is subjected to a variation in Its posture. 

Rgure 5 illustrates a state in which the appara- 
tus is subjected to a variation in Its posture. 
50 Rgure 6 illustrates a state in which misalign- 

ment has been corrected. 

Rgure 7 illustrates a state In which misalign- 
ment has been corrected. 

Rgure 8 shows the construction of a second 
55 embodiment of the OF>tical space communication 
apparatus of the present invention. 

Rgure 9 shows the construction of another 
embodiment of the optical communication appara- 
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tus of the present invention. 

Figure 10 shows the construction of still an- 
other emtx)diment of the optical communication 
apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED EIS/IBODI- 
MENTS 

The present invention will hereinafter be de- 
scribed in detail with respect to some embodi- 
ments thereof shown in Figures 3 to 10. 

Referring to Figure 3 which shows the con- 
struction of a first embodiment of the optical space 
communication apparatus of the present invention, 
converging lenses 21 , 22 a variable angle prism 23, 
a polarizing beam splitter 24 transmitting a trans- 
mitted beam therethrough and reflecting a received 
beam, a converging lens 25 and a light emitting 
element 26 such as a laser diode generating a 
transmitted beam are arranged in succession on an 
optical path from a partner apparatus. Also, an 
optical element 27 such as a half mirror or a 
partially reflecting mirror for dividing the optical 
path of the received beam, a converging lens 28 
and a light receiving element 29 comprising an 
avalanche photodiode. a photodiode or the like for 
converting the received beam into an electrical 
signal are arranged in succession in the direction 
of reflection of the polarizing beam splitter 24. 
Further, a position detecting element 31 such as a 
dividing element or a CCD for detecting the posi- 
tion of a spotlight is provided through a converting 
lens 30 in the direction of reflection of the optical 
element 27, and the output of the position detect- 
ing element 31 is connected to a drive circuit 33 
through a signal processing circuit 32. 

An actuator 34 for varying the pitch angle of 
the variable angle prism 23 and an actuator 35 for 
varying the yaw angle of the variable angle prism 
23 are provided for the variable angle prism 23. 
and the actuators 34 and 35 are controllable by the 
drive circuit 33. 

In case of optical space communication, trans- 
mission is effected by a beam of light which is 
emitted from the light emitting element 26 being 
transmitted through the converging lens 25. the 
polarizing beam splitter 24, the variable angle 
prism 23 and the converging lenses 22, 21 in 
succession, and reception is effected by a beam of 
light from the partner apparatus which has been 
transmitted through the converging lenses 21, 22 
and the variable angle prism 23 and reflected by 
the polarizing beam splitter 24 being caused to 
enter the light receiving element 29 through the 
optical element 27 and the converting lens 28. 

When at this time, by the Influence of vibra- 
tions, shocks or the like from the outside, the 
apparatus A causes a posture variation in the direc- 



tion of the pitch axis thereof as shown, for example, 
in Figure 4, the transmitted beam from the appara- 
tus A deviates and therefore the apparatus B be- 
comes incapable of receiving the transmitted 

5 beam. Figure 5 Is an Illustration showing the optical 
path of the apparatus A in such a case. In Rgure 5, 
LI designates the transmitted beam from the ap- 
paratus A. L2 denotes the received beam, and L3 
designates the received beam before the apparatus 

10 A varies its posture. In such a state in which the 
apparatus is subjected to a variation in its posture, 
the position of the received spotlight on the light 
receiving element 29 and the position detecting 
element 31 moves and when this position of the 

76 received spot light exceeds the light receiving 
range of the light receiving element 29, the appara- 
tus A also becomes Incapable of receiving the 
transmitted beam. 

For this reason, the position detecting element 

20 31 detects the amount of movement of the re- 
ceived spotlight and the signal processing circuit 
32 calculates the amount of drive of the actuator 34 
on the basis of this amount of movement and 
outputs it to the drive circuit 33. The drive circuit 

25 33 drives the actuator 34 in accordance with this 
amount of drive and varies the pitch angle of the 
variable angle prism 23. Thereby, the direction of 
emergence (the angle of emergence) of the trans- 
mitted beam and the direction of incidence (the 

30 angle of incidence) of the received beam are varied 
and the received spotlight keeps its initial position 
before the apparatus B is subjected to a variation 
in its posture, as shown in Figure 6, and the 
transmitted beam from the apparatus A also keeps 

35 its initial position before the apparatus A is sub- 
jected to a variation in Its posture, as shown in 
Figure 7 and therefore, both of the apparatuses A 
and B become capable of receiving. 

In the present embodiment, there has been 

40 shown a method of correcting rnisalignment when 
the apparatus is subjected to a posture variation in 
the direction of the pitch axis, but when the appara- 
tus varies its posture in tiie direction of the yaw 
axis, the yaw angle of the variable angle prism 23 

45 Is varied by the actuator 35, whereby misalignment 
can be corrected as in the case of the direction of 
the pitch axis. 

Figure 8 shows the construction of a second 
embodiment of the optical space communication 

50 apparatus of the present invention. In Figure 8, the 
same reference numerals as those in Figure 3 
designate the same members. In this second em- 
t)odlment. the optical element 27, the converging 
lens 30 and the position detecting element 31 are 

55 eliminated and the output of an acceleration sensor 
41 fixed to the apparatus is connected to the signal 
processing circuit 32. 



BNSOOCID: <EP_0658Se7A1_L> 



5 



EP 0 658 987 A1 



6 



Thus, any variation in the posture of the ap- 
paratus Is detected by the acceleration sensor 41 
and as in the first ennbodiment, misalignment is 
corrected by the variable angle prism 23. whereby 
the optical elements can be further curtailed than in 
the first embodiment and therefore, the construc- 
tion of the apparatus can be more simplified. 

The optical space communication apparatus of 
the present invention is designed as will be de- 
scribed below. 

In case of optical space communication, trans- 
mission is effected by a beam of light which is 
emitted from the light emitting element 26 being 
transmitted through the polarizing beam splitter 24 
and the variable angle prism 23 in succession, and 
reception is effected by a beam of light from the 
partner apparatus which has been transmitted 
through the variable angle prism 23 and reflected 
by the polarizing beam splitter 24 being caused to 
enter the light receiving element 29 through the 
optical element 27. When the apparatus causes a 
variation in its posture, the amount of movement of 
the position of the received spotlight is detected by 
the position detecting element 31 . and on the basis 
of this amount of movement, the variable angle 
prism 23 is driven by the actuators 34 and 35 to 
thereby vary the angle of emergence of the trans- 
mitted beam and the angle of incidence of the 
received beam and effect the correction of misalig- 
nment 

The above embodiments have been described 
with respect to a construction in which a variable 
angle prism is used in the optical space commu- 
nication apparatus effecting the transmission and 
reception of a beam of light, but a variable angle 
prism can be disposed in the optical path of an 
optical space communication for effecting only the 
transmission of a beam of light or an optical space 
communication apparatus for effecting only the re- 
ception of a beam of light, thereby varying the 
angle of emergence of the transmitted beam or the 
angle of incidence of the received beam and effec- 
ting the correction of misalignment. 

As described above, in the optical space com- 
munication apparatus according to the present in- 
vention, the variable angle prism is disposed in the 
optical path, whereby the manufacturing cost of the 
apparatus can be curtailed and the compactness 
and light weight of the apparatus can be realized. 

In the embodiments discussed above, the vari- 
able angle prism 23 is arranged In the optical path 
between the converging lens 22 and the polarizing 
beam splitter 24, but the correction of misalignment 
can be also effected by a structure in which the 
variable angle prism 23 is arranged in the optical 
path between the converging lens 21 and the con- 
verging lens 22, as shown in Figure 9, or a struc- 
ture in which the variable angle prism 23 is ar- 



ranged In the optical path between the converging 
lens 21 and the partner apparatus, as shown in 
Figure 10. 

5 Claims 

1. An optical space communication apparatus 
comprising: 

transmitting means for transmitting a first 
10 beam of light; 

receiving means for receiving a second 
beam of light; and 

varying means for varying the angles of 
said first and second beams of light, said vary- 
15 ing means having a variable angle prism. 

2. An optical space communication apparatus 
comprising: 

transmitting means for transmitting a first 
20 beam of light; 

receiving means for receiving a second 
beam of light; 

a variable angle prism for varying the an- 
gles of said first and second beams of light; 
25 detecting means for detecting any vari- 

ation in the posture of the apparatus; and 

control means for controlling said variable 
angle prism in conformity with the result of the 
detection by said detecting means. 

30 

3. The apparatus of Claim 2, wherein said detect- 
ing means is an acceleration sensor. 

4. An optical space communication apparatus 
35 comprising: 

transmitting means for transmitting a beam 
of light; and 

varying means for varying the angle of 
said beam of light, said varying means having 
40 a variable angle prism. 

5. An optical space communication apparatus 
comprising: 

transmitting means for transmitting a beam 
45 of light; 

a variable angle prism for varying the an- 
gle of said beam of light; 

detecting means for detecting any vari- 
ation in the posture of the apparatus; and 
50 control means for controlling said variable 

angle prism in conformity with the result of the 
detection by said detecting means. 

6. The apparatus of Claim 5. wherein said detect- 
55 Ing means is an acceleration sensor. 

7. An optical space communication apparatus 
comprising: 
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receiving means for receiving a beam of 
light; and 

varying means for varying the angle of 
said beam of light, said varying means having 
a variable angle prism. 5 

8. An optical space communication apparatus 
comprising: 

receiving means for receiving a beam of 
light; 

a variable angle prism for varying the an- 
gle of said beam of light; 

detecting means for detecting any vari- 
ation in the posture of the apparatus; and 

control means for controlling said variable 
angle prism in conformity with the result of the 
detection by said detecting means. 

9. The apparatus of Claim 8. wherein said detect- 
ing means is an acceleration sensor. 20 
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